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(54) COOLING SYSTEM

(57) This disclosure relates generally to a cooling
system. An example embodiment includes a system
(200) including a flash tank (110), a first load (120A), a
second load (115), a first compressor (130), a second
compressor (125), a first valve (205), and a second valve
(135). The flash tank (110) stores a refrigerant. The first
and second loads (120A, 115) use the refrigerant to cool
first and second spaces. The first compressor (130) com-
presses the refrigerant from the first load (120A) during
a first mode of operation and a flash gas from the flash
tank (110) during a second mode of operation. The sec-
ond compressor (125) compresses a mixture of the re-
frigerant from the first and second loads (120A, 115) dur-
ing the first mode of operation. The first valve (205) di-
rects the flash gas from the flash tank (110) to the first
compressor (130) during the second mode of operation.
The second valve (135) directs the compressed flash gas
from the first compressor (130) to the first load (120A)
during the second mode of operation to defrost the first
load (120A).
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Description

TECHNICAL FIELD

[0001] This disclosure relates generally to a cooling
system.

BACKGROUND

[0002] Cooling systems may cycle a refrigerant to cool
various spaces. For example, a refrigeration system may
cycle refrigerant to cool spaces near or around refriger-
ation loads. After the refrigerant absorbs heat, it can be
cycled back to the refrigeration loads to defrost the re-
frigeration loads.

SUMMARY

[0003] Cooling systems cycle refrigerant to cool vari-
ous spaces. For example, a refrigeration system cycles
refrigerant to cool spaces near or around refrigeration
loads. These loads include metal components, such as
coils, that carry the refrigerant. As the refrigerant passes
through these metallic components, frost and/or ice may
accumulate on the exterior of these metallic components.
The ice and/or frost reduce the efficiency of the load. For
example, as frost and/or ice accumulates on a load, it
may become more difficult for the refrigerant within the
load to absorb heat that is external to the load. Typically,
the ice and frost accumulate on loads in a low tempera-
ture section of the system (e.g., freezer cases).
[0004] In existing systems, one way to address frost
and/or ice accumulation on the load is to cycle refrigerant
back to the load after the refrigerant has absorbed heat
from the load. Usually, discharge from a low temperature
compressor is cycled back to a low temperature load to
defrost that load. In this manner, the heated refrigerant
passes over the frost and/or ice accumulation and de-
frosts the load. This process of cycling hot refrigerant
over frosted and/or iced loads is known as hot gas de-
frost. Existing cooling systems that have a hot gas defrost
cycle maintain three low temperature loads in a refriger-
ation cycle while defrosting one low temperature load.
By maintaining a 3:1 ratio of loads in a refrigeration cycle
to loads in a defrost cycle, there is sufficient refrigerant
available to defrost a load.
[0005] It may not always be possible however to main-
tain this 3:1 ratio. For example, there may be times (e.g.,
at night or when a store is closed) when the system and
the loads are running less frequently or less strenuously,
thus resulting in less refrigerant being available to defrost
a load. As another example, because each load occupies
space, some stores may not have enough space avail-
able to install four or more loads. In these installations,
there may not be sufficient refrigerant available to defrost
even one load.
[0006] This disclosure contemplates a cooling system
that can perform hot gas defrost even when the system

may not be operating three times more loads in a refrig-
eration cycle than in a defrost cycle. To supply additional
refrigerant from a defrost cycle, the cooling system di-
rects flash gas from a flash tank and/or refrigerant from
a medium temperature load to a low temperature com-
pressor. After compression, the flash gas and/or refrig-
erant is directed to a load to defrost the load. In this man-
ner, there is sufficient refrigerant to defrost the load in
particular embodiments. Certain embodiments of the
cooling system are described below.
[0007] According to one embodiment, a system in-
cludes a flash tank, a first load, a second load, a first
compressor, a second compressor, a first valve, and a
second valve. The flash tank stores a refrigerant. The
first load uses the refrigerant from the flash tank to cool
a first space proximate the first load. The second load
uses the refrigerant form the flash tank to cool a second
space proximate the second load. The first compressor
compresses the refrigerant from the first load during a
first mode of operation and compresses a flash gas from
the flash tank during a second mode of operation. The
second compressor compresses a mixture of the refrig-
erant from the first load and the refrigerant from the sec-
ond load during the first mode of operation. The first valve
closes during the first mode of operation and directs the
flash gas from the flash tank to the first compressor during
the second mode of operation. The second valve closes
during the first mode of operation and directs the com-
pressed flash gas from the first compressor to the first
load during the second mode of operation to defrost the
first load.
[0008] According to another embodiment, a system in-
cludes a flash tank, a first load, a second load, a first
compressor, a second compressor, a first valve, and a
second valve. The flash tank stores a refrigerant. The
first load uses the refrigerant from the flash tank to cool
a first space proximate the first load. The second load
uses the refrigerant form the flash tank to cool a second
space proximate the second load. The first compressor
compresses the refrigerant from the first load during a
first mode of operation and compresses the refrigerant
from the second load during a second mode of operation.
The second compressor compresses a mixture of the
refrigerant from the first load and the refrigerant from the
second load during the first mode of operation. The first
valve closes during the first mode of operation and directs
the refrigerant from the second load to the first compres-
sor during the second mode of operation. The second
valve closes during the first mode of operation and directs
the compressed refrigerant from the first compressor to
the first load during the second mode of operation to de-
frost the first load.
[0009] According to yet another embodiment, a meth-
od includes storing, by a flash tank, a refrigerant. During
a first mode of operation, the method includes using, by
a first load, the refrigerant from the flash tank to cool a
first space proximate the first load, using, by a second
load, the refrigerant form the flash tank to cool a second

1 2 



EP 3 591 313 A2

3

5

10

15

20

25

30

35

40

45

50

55

space proximate the second load, compressing, by a first
compressor, the refrigerant from the first load, and com-
pressing, by a second compressor, a mixture of the re-
frigerant from the first load and the refrigerant from the
second load. During a second mode of operation, the
method includes using, by the second load, the refriger-
ant form the flash tank to cool the second space proxi-
mate the second load, directing, by a first valve, a flash
gas from the flash tank to the first compressor, compress-
ing, by the first compressor, the flash gas from the flash
tank, and directing, by a second valve, the compressed
flash gas from the first compressor to the first load to
defrost the first load.
[0010] Certain embodiments may provide one or more
technical advantages. For example, an embodiment al-
lows for sufficient refrigerant to be available to perform
a defrost cycle even though the loads in the system are
not operating at full capacity or frequently. As another
example, an embodiment allows for a cooling system with
fewer loads to perform a defrost cycle thereby reducing
the space and/or footprint occupied by the cooling sys-
tem. Certain embodiments may include none, some, or
all of the above technical advantages. One or more other
technical advantages may be readily apparent to one
skilled in the art from the figures, descriptions, and claims
included herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of the
present disclosure, reference is now made to the follow-
ing description, taken in conjunction with the accompa-
nying drawings, in which:

FIGURE 1 illustrates an example cooling system;

FIGURE 2 illustrates an example cooling system;

FIGURE 3 illustrates an example cooling system;

FIGURE 4 illustrates an example cooling system;
and

FIGURE 5 is a flowchart illustrating a method of op-
erating an example cooling system.

DETAILED DESCRIPTION

[0012] Embodiments of the present disclosure and its
advantages are best understood by referring to Figures
1 through 5 of the drawings, like numerals being used
for like and corresponding parts of the various drawings.
[0013] Cooling systems cycle refrigerant to cool vari-
ous spaces. For example, a refrigeration system cycles
refrigerant to cool spaces near or around refrigeration
loads. These loads include metal components, such as
coils, that carry the refrigerant. As the refrigerant passes
through these metallic components, frost and/or ice may

accumulate on the exterior of these metallic components.
The ice and/or frost reduce the efficiency of the load. For
example, as frost and/or ice accumulates on a load, it
may become more difficult for the refrigerant within the
load to absorb heat that is external to the load. Typically,
the ice and frost accumulate on loads in a low tempera-
ture section of the system (e.g., freezer cases).
[0014] In existing systems, one way to address frost
and/or ice accumulation on the load is to cycle refrigerant
back to the load after the refrigerant has absorbed heat
from the load. Usually, discharge from a low temperature
compressor is cycled back to a low temperature load to
defrost that load. In this manner, the heated refrigerant
passes over the frost and/or ice accumulation and de-
frosts the load. This process of cycling hot refrigerant
over frosted and/or iced loads is known as hot gas de-
frost. Existing cooling systems that have a hot gas defrost
cycle maintain three low temperature loads in a refriger-
ation cycle while defrosting one low temperature load.
By maintaining a 3:1 ratio of loads in a refrigeration cycle
to loads in a defrost cycle, there is sufficient refrigerant
available to defrost a load.
[0015] It may not always be possible however to main-
tain this 3:1 ratio. For example, there may be times (e.g.,
at night or when a store is closed) when the system and
the loads are running less frequently or less strenuously,
thus resulting in less refrigerant being available to defrost
a load. As another example, because each load occupies
space, some stores may not have enough space avail-
able to install four or more loads. In these installations,
there may not be sufficient refrigerant available to defrost
even one load.
[0016] This disclosure contemplates a cooling system
that can perform hot gas defrost even when the system
may not be operating three times more loads in a refrig-
eration cycle than in a defrost cycle. To supply additional
refrigerant from a defrost cycle, the cooling system di-
rects flash gas from a flash tank and/or refrigerant from
a medium temperature load to a low temperature com-
pressor. After compression, the flash gas and/or refrig-
erant is directed to a load to defrost the load. In this man-
ner, there is sufficient refrigerant to defrost the load in
particular embodiments. In some embodiments, the cool-
ing system reduces the amount of refrigeration units
and/or circuits needed to accommodate a defrost cycle,
which reduces the size and footprint of the cooling sys-
tem. In certain embodiments, the cooling system reduces
the discharge temperature of a low temperature com-
pressor, which may reduce the superheat at the low tem-
perature compressor. In some embodiments, the cooling
system allows for less restrictive load management com-
pared to existing systems because the cooling system
does not necessarily need to maintain a 3:1 load to de-
frost ratio. The cooling system will be described using
FIGURES 1 through 5. FIGURE 1 will describe an exist-
ing cooling system with hot gas defrost. FIGURES 2
through 5 describe the cooling system with improved hot
gas defrost.
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[0017] FIGURE 1 illustrates an example cooling sys-
tem 100. As shown in FIGURE 1, system 100 includes
a high side heat exchanger 105, a flash tank 110, a me-
dium temperature load 115, low temperature loads 120A-
120D, a medium temperature compressor 125, a low
temperature compressor 130, and a valve 135. By oper-
ating valve 135, system 100 allows for hot gas to be cir-
culated to a low temperature load 120 to defrost low tem-
perature load 120. After defrosting low temperature load
120, the hot gas and/or refrigerant is cycled back to flash
tank 110.
[0018] High side heat exchanger 105 removes heat
from a refrigerant. When heat is removed from the refrig-
erant, the refrigerant is cooled. This disclosure contem-
plates high side heat exchanger 105 being operated as
a condenser, a fluid cooler, and/or a gas cooler. When
operating as a condenser, high side heat exchanger 105
cools the refrigerant such that the state of the refrigerant
changes from a gas to a liquid. When operating as a fluid
cooler, high side heat exchanger 105 cools liquid refrig-
erant and the refrigerant remains a liquid. When operat-
ing as a gas cooler, high side heat exchanger 105 cools
gaseous refrigerant and the refrigerant remains a gas.
In certain configurations, high side heat exchanger 105
is positioned such that heat removed from the refrigerant
may be discharged into the air. For example, high side
heat exchanger 105 may be positioned on a rooftop so
that heat removed from the refrigerant may be dis-
charged into the air. As another example, high side heat
exchanger 105 may be positioned external to a building
and/or on the side of a building. This disclosure contem-
plates any suitable refrigerant (e.g., carbon dioxide) be-
ing used in any of the disclosed cooling systems.
[0019] Flash tank 110 stores refrigerant received from
high side heat exchanger 105. This disclosure contem-
plates flash tank 110 storing refrigerant in any state such
as, for example, a liquid state and/or a gaseous state.
Refrigerant leaving flash tank 110 is fed to low temper-
ature loads 120A-120D and medium temperature load
115. In some embodiments, a flash gas and/or a gaseous
refrigerant is released from flash tank 110. By releasing
flash gas, the pressure within flash tank 110 may be re-
duced.
[0020] System 100 includes a low temperature portion
and a medium temperature portion. The low temperature
portion operates at a lower temperature than the medium
temperature portion. In some refrigeration systems, the
low temperature portion may be a freezer system and
the medium temperature system may be a regular refrig-
eration system. In a grocery store setting, the low tem-
perature portion may include freezers used to hold frozen
foods, and the medium temperature portion may include
refrigerated shelves used to hold produce. Refrigerant
flows from flash tank 110 to both the low temperature
and medium temperature portions of the refrigeration
system. For example, the refrigerant flows to low tem-
perature loads 120A-120D and medium temperature
load 115. When the refrigerant reaches low temperature

loads 120A-120D or medium temperature load 115, the
refrigerant removes heat from the air around low temper-
ature loads 120A-120D or medium temperature load 115.
As a result, the air is cooled. The cooled air may then be
circulated such as, for example, by a fan to cool a space
such as, for example, a freezer and/or a refrigerated
shelf. As refrigerant passes through low temperature
loads 120A-120D and medium temperature load 115, the
refrigerant may change from a liquid state to a gaseous
state as it absorbs heat. This disclosure contemplates
including any number of low temperature loads 120 and
medium temperature loads 115 in any of the disclosed
cooling systems.
[0021] The refrigerant cools metallic components of
low temperature loads 120A-120D and medium temper-
ature load 115 as the refrigerant passes through low tem-
perature loads 120A-120D and medium temperature
load 115. For example, metallic coils, plates, parts of low
temperature loads 120A-120D and medium temperature
load 115 may cool as the refrigerant passes through
them. These components may become so cold that vapor
in the air external to these components condenses and
eventually freeze or frost onto these components. As the
ice or frost accumulates on these metallic components,
it may become more difficult for the refrigerant in these
components to absorb heat from the air external to these
components. In essence, the frost and ice acts as a ther-
mal barrier. As a result, the efficiency of cooling system
100 decreases the more ice and frost that accumulates.
Cooling system 100 may use heated refrigerant to defrost
these metallic components.
[0022] Refrigerant flows from low temperature loads
120A-D and medium temperature load 115 to compres-
sors 125 and 130. This disclosure contemplates the dis-
closed cooling systems including any number of low tem-
perature compressors 130 and medium temperature
compressors 125. Both the low temperature compressor
130 and medium temperature compressor 125 compress
refrigerant to increase the pressure of the refrigerant. As
a result, the heat in the refrigerant may become concen-
trated and the refrigerant may become a high-pressure
gas. Low temperature compressor 130 compresses re-
frigerant from low temperature loads 120A-120D and
sends the compressed refrigerant to medium tempera-
ture compressor 125. Medium temperature compressor
125 compresses a mixture of the refrigerant from low
temperature compressor 130 and medium temperature
load 115. Medium temperature compressor 125 then
sends the compressed refrigerant to high side heat ex-
changer 105.
[0023] Valve 135 may be opened or closed to cycle
refrigerant from low temperature compressor 130 back
to a low temperature load 120. The refrigerant may be
heated after absorbing heat from the other low temper-
ature loads 120 and being compressed by low tempera-
ture compressor 130. The hot refrigerant and/or hot gas
is then cycled over the metallic components of the low
temperature load 120 to defrost it. Afterwards, the hot
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gas and/or refrigerant is cycled back to flash tank 110.
There may be additional valves between low temperature
compressor 130 and low temperature loads 120A-D that
control to which load 120A-D is defrosted by the refrig-
erant coming from low temperature compressor 130. This
process of cycling heated refrigerant over a low temper-
ature load 120 to defrost it is referred to as a defrost cycle.
[0024] In existing installations, for there to be sufficient
refrigerant to defrost a load (e.g., low temperature load
120A), there should be three times as many operating
loads as there are loads that need defrosting. In the il-
lustrated example of FIGURE 1, heated refrigerant from
three loads, 120B-D, may be used to defrost low temper-
ature load 120A. It may not always be possible however
to maintain this 3:1 ratio. For example, there may be times
(e.g., at night or when a store is closed) when the system
and the loads are running less frequently or less strenu-
ously, thus resulting in less refrigerant being available to
defrost a load. As another example, because each load
occupies space, some stores may not have enough
space available to install four or more loads. In these
installations, there may not be sufficient refrigerant avail-
able to defrost even one load.
[0025] This disclosure contemplates a cooling system
that can perform hot gas defrost without necessarily op-
erating three times as many loads as defrosting loads.
These cooling systems may use refrigerant from flash
tank 110 and/or refrigerant from medium temperature
load 115 to defrost a load. In this manner, it is possible
to perform a defrost cycle even though there are not three
times as many operating loads as there are defrosting
loads in certain embodiments. Embodiments of the cool-
ing system are described below using FIGURES 2-5.
These figures illustrate embodiments that include a cer-
tain number of loads and compressors for clarity and
readability. However, this disclosure contemplates these
embodiments including any suitable number of loads and
compressors.
[0026] FIGURE 2 illustrates an example cooling sys-
tem 200. As shown in FIGURE 2, system 200 includes
a high side heat exchanger 105, a flash tank 110, a me-
dium temperature load 115, low temperature loads 120A
and 120B, medium temperature compressor 125, low
temperature compressor 130, valve 135, valve 205, valve
210, accumulator 215, and valve 220. Generally, system
200 allows a defrost cycle to be performed by using a
flash gas from flash tank 110 to defrost a low temperature
load 120. In certain embodiments, system 200 performs
hot gas defrost even though there is an insufficient
amount of refrigerant supplied by low temperature loads
120.
[0027] Generally, high side heat exchanger 105, flash
tank 110, medium temperature load 115, low tempera-
ture loads 120A and 120B, medium temperature com-
pressor 125, low temperature compressor 130, and valve
135 operate similarly as they did in system 100. For ex-
ample, high side heat exchanger 105 removes heat from
a refrigerant. Flash tank 110 stores the refrigerant. Me-

dium temperature load 115, low temperature load 120A,
and low temperature load 120B use the refrigerant to a
cool a space proximate those loads. Low temperature
compressor 130 compresses the refrigerant from low
temperature loads 120A and 120B. Medium temperature
compressor 125 compresses refrigerant from medium
temperature load 115. These components operate to-
gether to cool a space proximate the loads. Valve 135
opens and closes to begin or end a defrost cycle.
[0028] One significant difference between system 200
and system 100 is that system 200 includes fewer low
temperature loads 120 than system 100. As a result, less
refrigerant is provided by low temperature loads 120 for
a hot gas defrost cycle in system 200 than in system 100.
As seen in the example of FIGURE 2, there are not three
times as many operating low temperature loads 120 than
there are defrosting low temperature loads 120. As a re-
sult, the operating low temperature loads 120 do not pro-
vide a sufficient amount of refrigerant to low temperature
compressor 130 and to valve 135 to defrost a low tem-
perature load 120. For example, if low temperature load
120A is being defrosted, then the only refrigerant being
supplied to low temperature compressor 130 by a low
temperature load 120 is coming from low temperature
load 120B. That refrigerant alone would be insufficient
to defrost low temperature load 120A.
[0029] To supply additional refrigerant to defrost low
temperature load 120, system 200 draws a flash gas from
flash tank 110 and directs it to low temperature compres-
sor 130. That flash gas mixes with refrigerant from the
operating low temperature loads 120. That mixture is
then compressed at low temperature compressor 130,
and then directed by valve 135 to a low temperature load
120 that is being defrosted. In this manner, there is suf-
ficient refrigerant to defrost a low temperature load 120
even though there may be few operating low temperature
loads 120. It is generally understood that flash gas from
flash tank 110 is considered a refrigerant.
[0030] Valve 205 directs flash gas from flash tank 110
to accumulator 215 and low temperature compressor
130. Valve 205 is closed during a normal refrigeration
cycle and opened during a defrost cycle. When valve 205
is closed, flash gas from flash tank 110 does not flow
through valve 205 to accumulator 215 and low temper-
ature compressor 130. When valve 205 is open during a
defrost cycle, flash gas from flash tank 110 flows through
valve 205 to accumulator 215 and low temperature com-
pressor 130. That flash gas mixes with refrigerant from
operating low temperature loads 120 at low temperature
compressor 130. After being compressed, the flash gas
is then directed through valve 135 to a low temperature
load 120 to defrost that low temperature load 120.
[0031] After refrigerant is used to defrost a low tem-
perature load 120, that refrigerant is directed back to flash
tank 110 through valve 210. During a normal refrigeration
cycle, valve 210 is closed. During a defrost cycle, valve
210 is open. When valve 210 is closed, refrigerant does
not flow through valve 210 to flash tank 110. When valve
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210 is open, refrigerant that has been used to defrost a
low temperature load 120 flows through valve 210 to flash
tank 110.
[0032] Accumulator 215 converts a liquid portion of the
flash gas from flash tank 110 from a liquid to a gas before
the flash gas reaches low temperature compressor 130.
Accumulator 215 receives refrigerant in the form of flash
gas from flash tank 110 through valve 205. Accumulator
215 may convert any liquid portion of this received refrig-
erant into a gas before directing that refrigerant to low
temperature compressor 130. In this manner, accumu-
lator 215 protects low temperature compressor 130 from
liquid entering (also referred to as "flooding") low tem-
perature compressor 130. When liquid enters low tem-
perature compressor 130, the liquid may flood and dam-
age the compressor. By converting liquid refrigerant into
gas, accumulator 215 protects low temperature com-
pressor 130 and other components of system 200 from
flooding. Certain embodiments do not include accumu-
lator 215. In those embodiments, refrigerant (e.g., flash
gas) from flash tank 110 flows directly to low temperature
compressor 130 through valve 205.
[0033] Valve 220 controls the flow of refrigerant from
low temperature compressor 130 to medium temperature
compressor 125. In certain embodiments, valve 220 is
partially closed. When a pressure of the compressed re-
frigerant at low temperature compressor 130 exceeds a
threshold, portions of that compressed refrigerant may
flow through valve 220 to medium temperature compres-
sor 125. In this manner, an internal pressure of low tem-
perature compressor 130 is regulated, which improves
the operation and safety of low temperature compressor
130. Certain embodiments do not include valve 220. In
those embodiments, refrigerant from low temperature
compressor 130 can flow directly to medium temperature
compressor 125.
[0034] System 200 generally operates in two different
modes: a refrigeration mode/cycle and a defrost
mode/cycle. During a refrigeration mode/cycle, valves
135, 205, and 210 may be closed. As a result, refrigerant
flows from flash tank 110 to medium temperature load
115, low temperature load 120A and low temperature
load 120B. These loads use the refrigerant to cool spaces
proximate those loads. Refrigerant from low temperature
loads 120A and 120B flow to low temperature compres-
sor 130 where the refrigerant is compressed. Refrigerant
from medium temperature load 115 and low temperature
compressor 130 flow to medium temperature compres-
sor 125. That mixture is compressed by medium temper-
ature compressor 125 and directed to high side heat ex-
changer 105. After high side heat exchanger 105 re-
moves heat from that refrigerant, the refrigerant is direct-
ed back to flash tank 110.
[0035] During a defrost cycle, valves 135, 205, and 210
are opened. A valve that supplies refrigerant to a low
temperature load 120 that is to be defrosted is closed to
stop that low temperature load 120. If low temperature
load 120A is to be defrosted, then a supply valve for low

temperature load 120A may be closed so that refrigerant
from flash tank 110 stops flowing to low temperature load
120A. Refrigerant flows from flash tank 110 to other op-
erating low temperature loads 120, such as for example,
low temperature load 120B. Refrigerant from the operat-
ing low temperature loads 120 flows to low temperature
compressor 130. A flash gas from flash tank 110 flows
through valve 205 to accumulator 215 and/or low tem-
perature compressor 130. As a result, additional refrig-
erant in the form of flash gas is provided for defrost. After
the flash gas and the refrigerant is compressed at low
temperature compressor 130, that compressed mixture
is directed through valve 135 to a low temperature load
120 that is to be defrosted, such as for example, low
temperature load 120A. Load 120 is then defrosted. The
refrigerant and/or flash gas is then directed through valve
210 back to flash tank 110. In this manner, system 200
is able to perform a hot gas defrost cycle even though
there are not three times as many operating low temper-
ature loads 120 than defrosting low temperature loads
120.
[0036] FIGURE 3 illustrates an example cooling sys-
tem 300. As shown in FIGURE 3, system 300 includes
a high side heat exchanger 105, a flash tank 110, a me-
dium temperature load 115, low temperature loads 120A
and 120B, medium temperature compressor 125, low
temperature compressor 130, valve 135, valve 205, valve
210, accumulator 215, and valve 220. Generally, system
300 draws refrigerant from medium temperature load 115
to supply refrigerant for a defrost cycle. In this manner,
system 300 can perform a defrost cycle, even though
there are not three times as many operating low temper-
ature loads 120 than there are defrosting low temperature
loads 120.
[0037] Generally, high side heat exchanger 105, flash
tank 110, medium temperature load 115, low tempera-
ture loads 120A and 120B, medium temperature com-
pressor 125, low temperature compressor 130, and valve
135 operate similarly to how they did in system 100. For
example, high side heat exchange 105 removes heat
from a refrigerant. Flash tank 110 stores the refrigerant.
Medium temperature load 115, low temperature load
120A, and low temperature load 120B use the refrigerant
to cool spaces proximate those loads. Low temperature
compressor 130 compresses the refrigerant from low
temperature loads 120A and 120B. Medium temperature
compressor 125 compresses refrigerant from medium
temperature load 115. These components operate to-
gether to cool a space proximate the loads.
[0038] One significant difference between system 300
and system 200 is the position of valve 205. In system
200, valve 205 directed refrigerant in the form of flash
gas from flash tank 110 to low temperature compressor
130 during a defrost cycle. In system 300, valve 205 is
positioned to direct a refrigerant from medium tempera-
ture load 115 to low temperature compressor 130. As a
result, in system 300, the supply of refrigerant for the
defrost cycle is partially supplied by medium temperature
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load 115. The refrigerant from medium temperature load
115 allows system 300 to perform a defrost cycle even
though there are not three times as many operating low
temperature loads 120 than there are defrosting low tem-
perature loads 120. In some embodiments, system 300
includes a line from flash tank 110 that directs flash gas
from flash tank 110 through valve 205. The line may in-
clude a separate valve (e.g., an expansion valve) that
controls the flow of flash gas through the line.
[0039] Valve 205 is positioned between medium tem-
perature load 115 and low temperature compressor 130.
During a refrigeration cycle, valve 205 is closed. During
a defrost cycle, valve 205 is open. When valve 205 is
closed, refrigerant from medium temperature load 115
does not flow through valve 205 to low temperature com-
pressor 130. When valve 205 is opened, refrigerant from
low temperature load 115 flows through valve 205 to ac-
cumulator 215 and/or low temperature compressor 130.
That refrigerant mixes with refrigerant from operating low
temperature loads 120. After the refrigerant is com-
pressed by low temperature compressor 130, the refrig-
erant is directed through valve 135 to defrost a low tem-
perature load 120.
[0040] Valve 210 operates similarly as it did in system
200. During a refrigeration cycle, valve 210 is closed to
prevent refrigerant from flowing back to flash tank 110.
During a defrost cycle, valve 210 is open to direct refrig-
erant used during the defrost cycle back to flash tank 110.
[0041] Accumulator 215 converts a liquid portion of the
refrigerant from medium temperature load 115 from a
liquid to a gas before that refrigerant reaches low tem-
perature compressor 130. Accumulator 215 receives re-
frigerant from medium temperature load 115 through
valve 205. Accumulator 215 may convert any liquid por-
tion of this received refrigerant into a gas before directing
that refrigerant to low temperature compressor 130. In
this manner, accumulator 215 protects low temperature
compressor 130 from liquid entering (also referred to as
"flooding") low temperature compressor 130. When liquid
enters low temperature compressor 130, the liquid may
flood and damage the compressor. By converting liquid
refrigerant into gas, accumulator 215 protects low tem-
perature compressor 130 and other components of sys-
tem 200 from flooding. Certain embodiments do not in-
clude accumulator 215. In those embodiments, refriger-
ant from medium temperature load 115 flows directly to
low temperature compressor 130 through valve 205.
[0042] Valve 220 operates similarly as it did in system
200. Valve 220 may be partially closed such that valve
220 allows refrigerant to flow from low temperature com-
pressor 130 to medium temperature compressor 125
when an internal pressure of low temperature compres-
sor 130 exceeds a threshold. In this manner, the internal
pressure of low temperature compressor 130 may be reg-
ulated. Certain embodiments do not include valve 220.
In those embodiments, refrigerant from low temperature
compressor 130 can flow directly to medium temperature
compressor 125.

[0043] System 300 generally operates in two different
modes: a refrigeration mode/cycle and a defrost
mode/cycle. During a refrigeration mode/cycle, valves
135, 205, and 210 may be closed. As a result, refrigerant
flows from flash tank 110 to medium temperature load
115, low temperature load 120A, and low temperature
load 120B. These loads use the refrigerant to cool spaces
proximate those loads. Refrigerant from low temperature
loads 120A and 120B flow to low temperature compres-
sor 130 where the refrigerant is compressed. Refrigerant
from medium temperature load 115 and low temperature
compressor 130 flow to medium temperature compres-
sor 125. That mixture is compressed by medium temper-
ature compressor 125 and directed to high side heat ex-
changer 105. After high side heat exchanger 105 re-
moves heat from that refrigerant, the refrigerant is direct-
ed back to flash tank 110.
[0044] During a defrost cycle, valves 135, 205, and 210
are opened. A valve that supplies refrigerant to a low
temperature load 120 that is to be defrosted is closed to
stop that low temperature load 120. If low temperature
load 120A is to be defrosted, then a supply valve for low
temperature load 120A may be closed so that refrigerant
from flash tank 110 stops flowing to low temperature load
120A. Refrigerant flows from flash tank 110 to other op-
erating low temperature loads 120, such as for example,
low temperature load 120B. Refrigerant from the operat-
ing low temperature loads 120 flows to low temperature
compressor 130. Refrigerant from medium temperature
load 115 flows through valve 205 to accumulator 215
and/or low temperature compressor 130. As a result, ad-
ditional refrigerant is provided for defrost. After the refrig-
erant is compressed at low temperature compressor 130,
that refrigerant is directed through valve 135 to a low
temperature load 120 that is to be defrosted, such as for
example, low temperature load 120A. Load 120 is then
defrosted. The refrigerant is then directed through valve
210 back to flash tank 110. In this manner, system 200
is able to perform a hot gas defrost cycle even though
there are not three times as many operating low temper-
ature loads 120 than defrosting low temperature loads
120.
[0045] FIGURE 4 illustrates and example cooling sys-
tem 400. As shown in FIGURE 4, system 400 includes
a high side heat exchanger 105, a flash tank 110, a me-
dium temperature load 115, low temperature loads 120A
and 120B, medium temperature compressor 125, low
temperature compressor 130, valve 135, valve 205 valve
210 accumulator 215, valve 220, valve 405, and valve
410. Generally, system 400 uses a flash gas from flash
tank 110 and refrigerant from medium temperature load
115 to perform a defrost cycle. As a result, system 400
is able to perform a defrost cycle even though there are
not three times as many operating low temperature loads
120 than there are defrosting temperature loads 120 in
certain embodiments.
[0046] Generally, high side heat exchanger 105, flash
tank 110, medium temperature load 115, low tempera-
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ture loads 120A and 120B, medium temperature com-
pressor 125, low temperature compressor 130, and valve
135 operate similarly to how they did in system 100. For
example, high side heat exchange 105 removes heat
from a refrigerant. Flash tank 110 stores the refrigerant.
Medium temperature load 115, low temperature load
120A, and low temperature load 120B use the refrigerant
to cool spaces proximate those loads. Low temperature
compressor 130 compresses the refrigerant from low
temperature loads 120A and 120B. Medium temperature
compressor 125 compresses refrigerant from medium
temperature load 115. These components operate to-
gether to cool a space proximate the loads.
[0047] One significant difference between system 400
and system 300 is the ability to use flash gas from flash
tank 110 in addition to the refrigerant from medium tem-
perature load 115 in the defrost cycle. Valves 405 and
410 control the flow of flash gas from flash tank 110 and
refrigerant from medium temperature load 115, respec-
tively, into valve 205. As a result, the amount of flash gas
and the amount of refrigerant from medium temperature
load 115 can be independently controlled as supplies for
the defrost cycle.
[0048] Valve 405 is positioned between flash tank 110
and valve 205. During a refrigeration cycle, valve 405 is
closed. During a defrost cycle, valve 405 is open. When
valve 405 is closed, flash gas from flash tank 110 does
not flow through valve 405 to valve 205. When valve 405
is open, flash gas from flash tank 110 flows through valve
405 to valve 205. This disclosure contemplates valve 405
being any suitable valve such as, for example, a ball valve
or a throttle valve. Valve 405 may be opened more to
allow more flash gas to flow through valve 405.
[0049] Valve 410 is positioned between medium tem-
perature load 115 and valve 205. During a refrigeration
cycle, valve 410 is closed. During a defrost cycle, valve
410 is open. When valve 410 is closed, refrigerant from
medium temperature load 115 does not flow through
valve 410 to valve 205. When valve 410 is open, refrig-
erant from medium temperature load 115 flows through
valve 410 to valve 205. This disclosure contemplates
valve 410 being any suitable valve such as, for example,
a ball valve or a throttle valve. Valve 410 may be opened
more to allow more refrigerant to flow through valve 410.
[0050] The amount of flash gas from flash tank 110
and the amount of refrigerant from medium temperature
load 115 flowing through valves 405 and 410, respec-
tively, to valve 205 is controlled by valves 405 and 410.
These amounts can be adjusted to control the superheat
in the refrigerant reaching low temperature compressor
130. In this manner, both flash gas from flash tank 110
and refrigerant from medium temperature load 115 can
be used to supply refrigerant for the defrost cycle.
[0051] Valve 205, accumulator 215, valve 210, and
valve 220 operate similarly as they did in systems 200
and 300. Valve 205 opens during a defrost cycle to supply
additional refrigerant to low temperature compressor
130. Accumulator 215 converts a liquid portion of the

refrigerant from valve 205 from a liquid to a gas. Valve
210 directs the refrigerant used to defrost a low temper-
ature load 120 back to flash tank 110. Valve 220 controls
the flow of refrigerant from the low temperature compres-
sor 130 to medium temperature compressor 125. Certain
embodiments of system 400 may not include accumula-
tor 215 and/or valve 220.
[0052] System 400 operates in two different modes: a
refrigeration cycle and a defrost cycle. During the refrig-
eration cycle, valves 135, 205, 210, 405, and 410 are
closed. Refrigerant flows from flash tank 115 and low
temperature loads 120A and 120B to low temperature
compressor 130, where it is compressed. Refrigerant
from medium temperature load 115 and low temperature
compressor 130 flows to medium temperature compres-
sor 125 where they are compressed. The compressed
refrigerant from medium temperature compressor 125
flows to high side heat exchanger 105, where heat is
removed from the refrigerant. High side heat exchanger
105 then directs the refrigerant back to flash tank 110.
[0053] During the defrost cycle, valves 135, 205, 210,
405, and 410 open. Additionally, a supply valve to a low
temperature load 120 that is being defrosted closes to
shut off the supply of refrigerant to that load. Flash gas
flows from flash tank 110 through valve 405 to valve 205.
Additionally, refrigerant from medium temperature load
115 flows through valve 410 to valve 205. The flash gas
in the refrigerant at valve 205 flows through accumulator
215 to low temperature compressor 130. Additionally,
any refrigerant from operating low temperature loads 120
flows to low temperature compressor 130. After low tem-
perature compressor 130 compresses the flash gas and
the refrigerant, low temperature compressor 130 directs
that compressed mixture to valve 135. That mixture then
flows to a defrosting low temperature load 120 to defrost
a load. After defrosting the load, that mixture flows
through valve 210 back to flash tank 110. In this manner,
system 400 is able to perform a defrost cycle even though
there are not three times as many operating low temper-
ature loads that there are defrosting low temperature
loads 120.
[0054] FIGURE 5 is a flow chart showing a method 500
of operating an example cooling system. In particular em-
bodiments, various components of systems 200, 300,
and/or 400 preform the step of method 500. By perform-
ing method 500, systems 200, 300, and/or 400 are able
to perform a defrost cycle even though there are not three
times as many operating low temperature loads as there
are defrosting low temperature loads.
[0055] A flash tank begins by storing a refrigerant in
step 505. In step 510, a medium temperature load uses
a refrigerant to cool a space proximate to medium tem-
perature load.
[0056] In step 515, systems 200, 300, and 400, deter-
mine whether a defrost cycle should be started to defrost
a load. If a defrost cycle should be started, a valve 205
opens to direct a flash gas and/or the refrigerant from the
medium temperature load to a low temperature compres-
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sor in step 545. In step 550, the low temperature com-
pressor directs the discharge from the low temperature
compressor to a low temperature load. The discharge is
then used to defrost the low temperature load. A valve
210 then directs the discharge from the low temperature
load to the flash tank in step 555. In step 560, a medium
temperature compressor compresses the refrigerant
from the medium temperature load. Then in step 540, a
high side heat exchanger removes heat from the refrig-
erant.
[0057] If a defrost cycle should not be started, then a
refrigeration cycle commences. In step 520, a low tem-
perature load uses the refrigerant to a cool a space prox-
imate the low temperature load. In step 530, a low tem-
perature compressor compresses the refrigerant from
the low temperature load. A medium temperature com-
pressor then compresses a mixture of the refrigerant from
the low temperature compressor and the refrigerant from
the medium temperature load in step 545. The high side
heat exchanger then removes heat from the refrigerant
in step 540.
[0058] Modifications, additions, or omissions may be
made to method 500 depicted in FIGURE 5. Method 500
may include more, fewer, or other steps. For example,
steps may be performed in parallel or in any suitable or-
der. While discussed as systems 200, 300, and/or 400
(or components thereof) performing the steps, any suit-
able component of systems 200, 300, and/or 400 may
perform one or more steps of the method.
[0059] Modifications, additions, or omissions may be
made to the systems and apparatuses described herein
without departing from the scope of the disclosure. The
components of the systems and apparatuses may be in-
tegrated or separated. Moreover, the operations of the
systems and apparatuses may be performed by more,
fewer, or other components. Additionally, operations of
the systems and apparatuses may be performed using
any suitable logic comprising software, hardware, and/or
other logic. As used in this document, "each" refers to
each member of a set or each member of a subset of a set.
[0060] Although the present disclosure includes sev-
eral embodiments, a myriad of changes, variations, al-
terations, transformations, and modifications may be
suggested to one skilled in the art, and it is intended that
the present disclosure encompass such changes, varia-
tions, alterations, transformations, and modifications as
fall within the scope of the appended claims.

Claims

1. A system (200, 300, 400) comprising:

a flash tank (110) configured to store a refriger-
ant;
a first load (120A) configured to use the refrig-
erant from the flash tank (110) to cool a first
space proximate the first load (120A);

a second load (115) configured to use the refrig-
erant from the flash tank (110) to cool a second
space proximate the second load (115);
a first compressor (130) configured to:

compress the refrigerant from the first load
(120A) during a first mode of operation; and
compress a flash gas from the flash tank
(110) and/or the refrigerant from the second
load (115) during a second mode of opera-
tion;
a second compressor (125) configured to
compress a mixture of the refrigerant from
the first load (120A) and the refrigerant from
the second load (115) during the first mode
of operation;
a first valve (205) configured to:

close during the first mode of operation; and
direct the flash gas from the flash tank (110)
and/or the refrigerant from the second load (115)
to the first compressor (130) during the second
mode of operation; and
a second valve (135) configured to:

close during the first mode of operation; and
direct the compressed flash gas and/or the
compressed refrigerant from the first com-
pressor (130) to the first load (120A) during
the second mode of operation to defrost the
first load (120A).

2. The system (200, 300, 400) of Claim 1, wherein the
first valve (205) is further configured to direct the
refrigerant from the second load (115) to the first
compressor (130) during the second mode of oper-
ation.

3. The system (200, 300, 400) of Claim 1 or Claim 2,
further comprising a third valve (220) configured to
direct a portion of the refrigerant from the first com-
pressor (130) to the second compressor (125).

4. The system (200, 300, 400) of any preceding Claim,
further comprising a third load (120B) configured to
use the refrigerant from the flash tank (110) to cool
a third space proximate the third load (120B), the
first compressor (130) configured to compress the
refrigerant from the third load (120B).

5. The system (200, 300, 400) of any preceding Claim,
further comprising a high side heat exchanger (105)
configured to remove heat from the refrigerant from
the second compressor (125).

6. The system (200) of any preceding Claim, further
comprising an accumulator (215) configured to con-
vert a liquid portion of the flash gas into gas before
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the flash gas reaches the first compressor (130) dur-
ing the second mode of operation.

7. The system (200) of any one of Claims 1 to 5, further
comprising an accumulator (215) configured to con-
vert a liquid portion of the refrigerant from the second
load (115) before the refrigerant from the second
load (115) reaches the first compressor (130) during
the second mode of operation.

8. The system (200) of any preceding Claim, further
comprising a third valve (210) configured to direct
the flash gas from the first load to the flash tank (110)
during the second mode of operation.

9. The system (200) of any one of Claims 1 to 8, further
comprising a third valve (210) configured to direct
the refrigerant to the flash tank (110) during the sec-
ond mode of operation.

10. A method comprising:

storing, by a flash tank (110), a refrigerant;
during a first mode of operation:

using, by a first load (120A), the refrigerant
from the flash tank (110) to cool a first space
proximate the first load (120A);
using, by a second load (115), the refriger-
ant from the flash tank (110) to cool a sec-
ond space proximate the second load (115);
compressing, by a first compressor (130),
the refrigerant from the first load (120A); and
compressing, by a second compressor
(125), a mixture of the refrigerant from the
first load (120A) and the refrigerant from the
second load (115); and
during a second mode of operation:

using, by the second load (115), the re-
frigerant from the flash tank (110) to
cool the second space proximate the
second load (115);
directing, by a first valve (205), a flash
gas from the flash tank (110) to the first
compressor (130);
compressing, by the first compressor
(130), the flash gas from the flash tank
(110); and
directing, by a second valve (135), the
compressed flash gas from the first
compressor (130) to the first load
(120A) to defrost the first load (120A).

11. The method of Claim 10, further comprising direct-
ing, by the first valve (205), the refrigerant from the
second load (115) to the first compressor (130) dur-
ing the second mode of operation.

12. The method of Claim 10 or Claim 11, further com-
prising directing, by a third valve (220), a portion of
the refrigerant from the first compressor (130) to the
second compressor (125).

13. The method of any one of Claims 10 to 12, further
comprising:

using, by a third load (120B), the refrigerant from
the flash tank (110) to cool a third space proxi-
mate the third load (120B);
compressing, by the first compressor (130), the
refrigerant from the third load (120B); and
directing, by the second valve (135), the refrig-
erant from the first compressor (130) to the first
load (120A) during the second mode of opera-
tion to defrost the first load (120A).

14. The method of any one of Claims 10 to 13, further
comprising converting, by an accumulator (215), a
liquid portion of the flash gas into gas before the flash
gas reaches the first compressor (130) during the
second mode of operation.

15. The method of any one of Claims 10 to 14, further
comprising directing, by a third valve (210), the flash
gas from the first load (120A) to the flash tank (110)
during the second mode of operation.
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